clinical course, whereas G2 NETs often metastasise. The WHO 2010 classification of NETs predicts the metastatic potential of rectal NETs better than the WHO 2000 classification.
Introduction
Neuroendocrine cells of endodermal origin are scattered throughout the gastrointestinal (GI) tract. These cells secrete peptide hormones and biogenic amines upon stimulation by the autonomic nervous system and thus regulate the functioning of the GI tract [1, 2] . The peptide hormones and biogenic amines are stored in neurosecretory granules containing proteins such as chromogranin A. Neoplasms that arise from these cells used to be called carcinoid tumours; the appropriate modern term is neuroendocrine neoplasm, neuroendocrine tumour (NET) or neuroendocrine carcinoma (NEC). Most NETs express synaptophysin (a synaptic vesicle glycoprotein present in neuroendocrine cells) and chromogranin A by immunohistochemistry [3] [4] [5] . Some tumours secrete peptide hormones or biogenic amines and are thus biologically active.
Rectal tumours represent 27.4% of the GI NETs [6] and have an age-adjusted annual incidence of 0.83 per 100,000 in the US [7] . Rectal NETs are usually small and are often discovered by chance during endoscopy. Patients with local disease have a favourable prognosis with a 5-year survival rate of 88-91% [6] [7] [8] . The incidence of rectal NETs has increased in recent years [9] , which is possibly due in part to increased awareness of this tumour entity among clinicians and pathologists, and partly to improved availability of endoscopy. However, a true increase in incidence cannot be excluded.
After the year 2000, NETs of the GI tract and the pancreas were classified according to the World Health Organization (WHO) criteria into 3 groups [10] . The criteria are detailed in table 1 . Hormonal activity was also taken into account in the WHO 2000 classification, but the proliferation index (Ki-67) was not included. Still, Ki-67 was considered a prognostic factor; tumours with a Ki-67 index of ^ 2% were considered benign and those with a Ki-67 index of 1 2% malignant [11] . Previous reports indicate that rectal NETs are rarely positive for Cdx2 [12, 13] . Some 80% of rectal NETs express pancreatic polypeptide (PP), and 30% are positive for serotonin [14] .
In the novel WHO 2010 classification for GI NETs, all tumours are considered malignant with the potential to metastasize. Tumour grade is based on proliferation (i.e. the Ki-67 index) and the mitotic count ( table 1 ) .The classification also includes a staging system. Well-differentiated tumours are called G1 or G2 NET, and the most malignant tumours, which in WHO 2000 were classified as poorly differentiated NECs, are now called large cell or small cell type G3 NECs. G3 carcinomas, highly aggressive neoplasms with poor prognosis [15] , are rare in the rectum, but more common in the colon. Available evidence supports the new grading system for NETs of the stomach, duodenum and pancreas, but its prognostic value is less well documented in tumours of the intestine [16] .
The purpose of our study was to evaluate the prognostic value of the WHO 2010 classification in predicting the metastatic potential of a rectal NET. Patients with distant metastases have significantly worse prognoses than do patients with local disease (without regional or distant I n the WHO 2010, the higher grade is assumed if Ki-67 index and mitotic count differ; in the WHO 2010 TNM, the tumour is classified as T2 if it is larger than 2 cm in diameter or if it invades the muscularis propria. T3 and T4 tumours are locally aggressive tumours (data not shown in the table). In the WHO 2000, the tumour is considered malignant (WHO 2), if it fulfils any of the criteria shown. HPF = High power fields. metastases). According to the SEER (Surveillance, Epidemiology and End Results) database, 9% of the patients with a rectal NET have disseminated disease [7, 17] . Tumour size, elevated mitotic rate, invasive growth pattern, and lymphovascular invasion have been associated with worse prognoses but no reports have described how different classifications correlate with the prognosis of rectal NETs. In this work we used the novel WHO 2010 classification to retrospectively reclassify 73 rectal NETs and validated its prognostic value in terms of metastatic potential and patient survival. To the best of our knowledge, no other reports have assessed the prognostic significance of the novel WHO 2010 classification.
Patients and Methods
The Ethics Committee of the Helsinki University Central Hospital and the National Authority for Medicolegal Affairs approved the research setting.
Patients
For the period from 1980 through 2005, 118 rectal NETs are listed in the Finnish Cancer Registry. From our pathology laboratory database (QPati), we identified 73 viable cases for reanalysis. In 68 cases, we obtained the follow-up data from patient records. The 5 missing patients had been alive at the end of the follow-up period, but no clinical data had been available. The 45 tumours that were unavailable for this study were originally sent to private laboratories, so no archive tissue material could be obtained. Overtly malignant, metastasised cases had been treated in community hospitals and were thus included in the material. Recorded clinical data of particular interest included pre-treatment symptoms, surgical or endoscopic removal method, lymph node and distant metastases, and local recurrences. Symptoms, when the information was available, were categorised as follows: bleeding from the GI tract, other GI symptoms, and non-GI symptoms. Date and cause of death were obtained from the Finnish Population Registry and Statistics Finland. The last check-up date was in March 2011.
Only 3 patients had undergone bowel resection, 1 of whom had had the colon resected due to chronic colitis irresponsive to conservative treatment. A polypoid G1 NET in the rectum had been an incidental finding, lymph node status was unavailable and no evidence exists of metastatic lesions thus far. Another patient with a 40-mm G2 tumour had undergone bowel resection with lymph node metastases (2/4). This patient had developed liver metastases 12 years later. The third patient to undergo bowel resection had had a 30-mm tumour with (simultaneous) liver and regional lymph node metastases. A total of 10 patients had been treated with mucosal resection, 12 with polypectomy, and for the rest of the patients (n = 49), the tumour had been removed in pieces, which sometimes makes invasion of the muscularis propria impossible to exclude; thus the T-status cannot be considered reliable in all cases. Lymph node status was available in only 2 patients, and very few patients had been investigated radiologically to exclude metastasis at the time of diagnosis, since the potentially malignant nature of these tumours had not always been recognised. Due to these facts, TNM-status cannot be considered reliable in this retrospective material.
Clinical Follow-Up
Follow-up data, which included mainly physical examination and repeated endoscopies, were available for 68 patients. The patients had been treated in different hospitals, and no standard scheme was used for follow-up. Most patients had undergone annual endoscopy, and follow-up had usually been terminated after 5 years or less. At the time of diagnosis, very few patients underwent imaging procedures to exclude metastases.
Histology and Immunohistochemistry
Tissue specimens were obtained from the pathology tissue archives of the Helsinki University Central Hospital and its affiliated hospitals in Uusimaa province in southern ( table 1 ) .
Statistics
Correlations between various clinicopathological characteristics were assessed with 2 and Fisher's exact tests. The KaplanMeier life-tables were calculated, and the significance of the difference in survival between subgroups was assessed with the logrank test. The Cox proportional hazards regression model was applied as a multivariate survival analysis. Since rectal NETs are quite rare, we evaluated both disease-free survival (occurrence of metastatic lesions, not local recurrence) and disease-specific survival (death of disease) as the end point in survival analysis. Because only one G3 tumour was entered in our material, it was excluded from statistical analyses. The analyses were performed with SPSS 17.0 software.
Results
During follow-up, 21 patients died, but only 6 of them died from metastatic NET. The mean age range of the 73 patients (28 males and 45 females) at the time of diagnosis was 53.8 years (23.5-93.7). The mean follow-up was 124 months (23 days to 314 months). The material included only one G3 NEC. This tumour showed a solid growth pattern and a Ki-67 index of 25%. Due to small biopsies obtained from the tumour, the diameter could not be assessed from the histological specimen. Liver metastases were present at the time of diagnosis. The patient had died 22 months after diagnosis.
Classification according to the WHO 2010 Criteria
In this classification, tumour grade is based on the proliferation index and mitotic count. The mitotic count was very low in all tumours, including the metastasising ones. The highest count was 7/50 high power fields, which is too low to qualify for G2. The grading was therefore based on the Ki-67 index.
Our material comprised 61 G1 tumours ( fig. 1 , table 2 ), none of which were metastatic, but 3 patients had undergone endoscopic excision of a local recurrence 4-15 months after the primary diagnosis. The mean size of the G1 tumours was 3.6 mm (range 0.5-9, median 3 mm); 26 (43%) of the patients were males and 35 (57%) females. The material also included 11 G2 tumours ( fig. 1 ), the mean size of which was 19 mm (range 4-40, median 17 mm); 2 (18%) of the patients were males and 9 (82%) females. Nine (82%) patients had initially had or had developed metastatic disease. In 3 cases, the primary tumour and the metastatic lesions had been detected simultaneously. Late metastases had occurred in 6 patients, in whom the average elapsed time from detection of the primary tumour to distant metastasis was 60 months (range 4-151). Metastases had been detected in the liver (8 patients), lymph nodes of the lung hilus and mesenterium (2 patients), and bones (1 patient). Of the 11 G2 patients, 5 died of metastatic disease 1-66 months (average 28 The NET G1 has a proliferation index of 1% ( c ), whereas MIB-1 staining is positive in up to 5% of the tumour cells in the NET G2 ( f ). months) after surgery. Four patients with metastatic disease were alive with disease 38-163 months after primary diagnosis. The only patient with a G3 tumour had had metastatic lesions at initial presentation.
Two tumours expressed Cdx2 by immunohistochemistry: one was a 20-mm, metastatic G2 tumour, and the other a 10-mm G2 tumour that had thus far not metastasised. Both Cdx2-positive tumours expressed serotonin and the smaller one expressed PP as well. Five tumours expressed serotonin, 2 of which were G2 tumours (20 and 10 mm) with a Ki-67 index of 5%, the larger one having metastasized, and 3 others were smaller, non-metastatic G1 tumours (1.5, 3 and 7 mm) with a Ki-67 index of 1%. Expression of PP was detected in 25 tumours, 1 of which was metastatic. Hormonally positive tumours were exclusively positive for either serotonin or PP except for 1 tumour, which was positive for both.
Classification according to the WHO 2000 Classification
Of the 73 tumours, 65 were considered benign (WHO Ia) according to the WHO 2000 criteria. Metastases had later been found in 2 patients, and in 63 patients the disease had remained local during follow-up. Two tumours had been classified as having uncertain malignant potential (WHO Ib) at initial presentation. These tumours were less than 2 cm in diameter, but had vascular invasion and later showed metastasis. There were 5 tumours in the malignant group (WHO II), 4 of which had metastasised later; 1 tumour had remained local. The only poorly differentiated NEC (WHO III) had shown liver metastases at initial presentation.
Statistical Analysis
Assessed with 2 and Fisher's exact tests, the WHO 2010 and WHO 2000 classifications, tumour size, vascular invasion, and muscularis propria invasion were found to correlate with the occurrence of distant metastases ( table 2 ). The expression of Cdx2, serotonin or PP failed to correlate with metastatic potential; neither did gender, age, growth pattern, or symptoms (data not shown).
With the Kaplan-Meier life-tables and the log-rank test, the WHO 2010 classification was found to have prognostic power in relation to both metastatic potential and patient survival ( fig. 2 , 3 ) . When the occurrence of distant metastasis was selected as the end point, tumour size, vascular invasion and muscularis propria invasion were also found to correlate with the outcome, although the WHO 2010 classification proved to have the most significant prognostic power ( table 3 ). The expression of Cdx2, serotonin or PP appeared not to be a prognostic factor in relation to metastatic potential.
The variables that had prognostic value in the univariate analysis were subsequently included in the Cox multivariate analysis. None of the variables emerged as an independent prognostic factor when either disease-specific or disease-free survival was selected as the end point.
Comparison of the WHO 2010 and WHO 2000 Classifications
A total of 65 tumours were considered benign according to the WHO 2000 criteria. Two of those patients had developed metastases later; both tumours were classified as G2 according to the WHO 2010 criteria as their proliferation index was 5%. According to the WHO 2000 criteria, 2 tumours had been classified as having uncertain malignant potential (Ib) at initial presentation; they had later metastasised. These tumours were classified as G2 Two tumours (5 mm and 10 mm in diameter) with a Ki-67 index of 5% were G2 according to WHO 2010 and benign according to WHO 2000 (Ia). Neither tumour had recurred during follow-up (100 and 165 months).
Discussion
Several classifications of NETs have been used over the years. In the year 2000, the WHO introduced a classification and reviewed it recently, in the year 2010. To the best of our knowledge, this report is the first to compare classifications of rectal NETs. In our material of 73 NETs, the WHO 2010 was clearly superior to the WHO 2000 classification in predicting the metastatic potential of tumours and establishing a prognosis for patients.
In our material, prior to the year 2000, 71 tumours would have been classified as typical carcinoids, 1 as an atypical carcinoid and 1 as a poorly differentiated NEC (data not shown). Seven of eight metastatic rectal NETs would have been classified as typical carcinoids. According to the WHO 2000 classification, 2 tumours were considered benign but later metastasized. Both tumours were less than 2 cm in diameter, but had a proliferation index Kaplan-Meier survival curves for rectal NET patients with G1 and G2 tumours; disease-free survival (occurrence of distant metastasis). With the log-rank test, the difference between the survival curves is significant (p ! 0.001). With the log-rank test, the difference between the survival curves is significant (p ! 0.001). of 5% and were thus classified as G2 under the WHO 2010 criteria. The WHO 2000 classified 2 tumours as having uncertain malignant potential. These tumours were 2 cm or less in diameter, but showed angioinvasion. Their proliferation index was 5% and they were thus classified as G2 according to the WHO 2010 criteria. Both tumours had metastasised later. The WHO 2010 classification reliably identifies patients at risk for developing metastatic disease. None of the patients with G1 tumour had had metastatic disease, and all patients who had developed metastatic disease had had a primary tumour classified as G2 or G3. The WHO 2000 failed to recognise the metastatic potential of 4 tumours that had later metastasised. The ENETS recommends immunohistochemical verification of the neuroendocrine nature of the tumour with chromogranin A and synaptophysin [18] . Klöppel et al. [19] stated that NETs of the rectum are immunoreactive for synaptophysin but negative for chromogranin, while Soga [20] reported that 60.9% of rectal carcinoids were positive for chromogranin A. In this tumour series, all rectal NETs were immunoreactive for chromogranin A.
The size of the primary tumour has been associated with aggressive behaviour [17, 21, 22] . In our series, tumours 2 cm or less in diameter showed consistently lower metastatic potential than larger tumours (p ! 0.001). However, 4 of 8 metastasised tumours were smaller than 2 cm. Our findings are consistent with those of Heah et al. [23] and Koura et al. [21] .
Fahy et al. [24] proposed a method for risk assessment, which shows that large size, deep invasion, lymphovascular invasion and elevated mitotic rate correlated with poor prognosis. A staging system based on tumour size and invasion, lymph node metastasis, and distant metastasis showed prognostic value [25] . Immunohistochemical markers have also been proposed as prognostic indicators [26] [27] [28] . In this study, we showed that the WHO 2010 classification accurately predicts metastatic disease and the prognosis of rectal NETs. To the best of our knowledge, this is the first report to compare the prognostic significance of different classifications of rectal NETs.
The behaviour of neuroendocrine neoplasms differs by anatomic site [22, 29] . Ileal NETs are, in general, more often malignant than NETs of the stomach or appendix. In our material, 16% of rectal NETs were G2 or G3. It is likely that malignant NETs were overrepresented in this material. The Finnish Cancer Registry revealed that 118 rectal NET patients had been diagnosed between 1980 and 2005 in our region. We believe that our material included more or less all malignant NETs of that time period and that the tumours which had been treated in small private hospitals and outpatient departments, and were thus not included in our community hospital material, were G1 neoplasms that had not metastasised.
Previously, rectal NETs had been considered small and indolent, but we now know that some of these tumours behave aggressively. Clinically, the follow-up of these patients consisted of repeated endoscopy. Here we show that G1 tumours have low metastatic potential, since all such tumours had remained local. The risk of recurrence is low, provided that the primary tumour is adequately removed. Only 3 patients with a G1 tumour had developed a local recurrence. These tumours had been removed primarily in pieces rather than by polypectomy, and the resection margins were positive. Therefore, all local recurrences had apparently been due to incomplete removal of the primary tumour.
A single follow-up endoscopy to exclude local recurrence seems sufficient in patients with a G1 tumour. Patients with a G2 tumour, on the other hand, need to be monitored much more carefully. A follow-up of up to 10 years is recommended, because metastatic lesions may occur late [30] . Repeated endoscopies alone are insufficient for monitoring these patients, but metastatic lesions should also be excluded using modern imaging techniques. When patients are chosen for intensive long-term follow-up, reliable classification of the primary tumour (including size, dissemination of disease, and proliferation activity) is essential.
The limitations of our study include its rather small number of patients, and that we collected data only from patient records without performing a detailed, uniform follow-up study of all surviving patients. This is a retrospective study, and previously, carcinoids had not always been considered malignant and therefore imaging to exclude metastases had not been a routine. Only 3 of 73 patients had undergone bowel resection, leaving lymph node status unclear in most cases. Many tumours had been removed in small pieces rather than by polypectomy, often making it difficult to identify or exclude invasion to the muscularis propria. Thus, TMN classification in our material is unreliable.
In conclusion, the WHO 2010 classification of GI NETs is useful for evaluating the malignant potential of rectal NETs. G1 NETs have low, if any, metastatic potential, whereas G2 NETs often metastasise, so such patients require intensive long-term follow-up.
